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0:0 What is Service-Oriented Architecture

SOA
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0:0 The Evolution of Service-Oriented Architecture
1995 1998 2001 2004 2007 2010
| >

JINI

CORBA/COM SOAP wWSDL WS-* REST The “CLOUD” I
OWL-S Linked Open Data
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Web Services Controller
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Technology in U.S. eGovernment

2005

2007

2009

Some Key Moments in the Evolution of Open Semantic Web
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http://www.oegov.org

http://www.acq.osd.mil/jctd/articles/OTD

RoadmapFinal.pdf

http://www.w3.org/egov/wiki/Use_Case_8 - Linked Open_Government apFinal.pdf

http://colab.cim3.net/file/work/SOACoP/Roadmap%20for%20Semantics%20in%20Netcentric%20Enterprise%20Architecture. pdf

http://cio-nii.defense.gov/docs/20051102-GSA_DoD_Ontology_final.pdf
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The Healthcare SOA Pyramid

Intergperability High

The “O-Word”

Low

Information &

@, () A Semantics Technology
DU,
SYmposim
Government Source: Healthcare Services Specification Project - The Business Case for Healthcare SOA Standards, HL7 Health Care SIG, 2009
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0:0 The Promised Benefits of SOA

» Reuse of “Heritage Systems”

¢ Build new functionality on top of
existing Business Services

= Change Resilience
+ Insulation through robust interfaces

= Maintainability

% Change can be incremental
= Composability

* Services can be composed
= Agility

S‘() [\‘ % systems can evolve as the
,,\-),,,',;,;i‘.,,,,; business changes

Government
&

Industry
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0:0 But the promise depends on Semantics

= |f Services are not “Findable”, “Knowable” and
“Composable” then:

+* SOA falls
= |f data is not “knowable” across services then:
“*many mappings and transformations are needed

¢ controlled vocabularies and code-lists diverge
s+ And SOA falils

SOA

Sympositum|

Government

&
Industry
“ i © Copyright 2007-2010 TopQuadrant Inc.




TopQuadrant™

0:0 A Key Obstacle for SOA

= Data is in many different systems that are not
designed with data sharing in mind

SOA
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And

* One-off mappings increases

the overall system, with data
misalignments:

+» Correctness

O Usual notion for data quality; is it right?
O Misspellings, out-of-date data, etc.

s Understandability

0 Found data requires interpretation.
O E.g., what do the properties mean?

s Accessibility
O How easily can the data be organized?.
¢ Reusability/Repurposing

U No references to Controlled Vocabularies

’:S()L/\ ‘ O No use of standardized properties

Sympositm|
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So what does OWL offer us? — = g

think of it as XML++ o
= OWL = Web Ontology Language

— A language for describing subject areas of interest
— Classes of things, things, properties of and relationships between things
— A standard defined by the World-Wide Web Consortium (W3C)

How does OWL relate to XML?

— OWL is built on the Resource Description Framework (RDF)
— OWL allows us to say things that XML Schema cannot say
— OWL can be serialized in XML

User Interface & Applications PR —
) 5 From hierarchies
Trust o - 1
Ontology:
owL
SPARQL el
| RDF-S Rule: 'S
SOA ol
&\nnkri;nn' ik l
W, ) ' XML
— to Graphs
URI/IRI
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How Semantic Web Standards Help

= They capture, align and resolve the data

semantics of different data sources through:
*» Flexibility of the RDF data model and
¢ Rich modeling formalisms of OWL and
¢ A standards-based approach

F— ,o | F | ,a
««.'v; «.\9 6’->

2 ‘?
KK w ‘*z %}0
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An example of Semantically Enhanced
Discovery of Datasets from NNEW!

WCS
Dataset: air_temperature

MIT Lincoln Laboratory

ebXML Registry/Repository

Ontology wes | <—
Editor -' ? air_temperatur Service

hasSubstance JMBL Provider

isa
/ \ 7~ A D 0 2
‘ ~— A ataset: temperatureAir

Ontology [ ) (A“l "'“"".) @I
Mapper I samt as l temperatureAir _

ox -

Domain

Expert

/ ' \ - x
| Air_temperature (remperaturemrj [Surfacemr Temperature'EJ WCS Serv!ce
- | ) \ p — ) Yo Dataset: Provider
S S (—_——- . F )
S~y | eommal T e surface_air_temperature

Query sparol e oS I

Architect i ' Query l! - -
Engine , ||_surface_air_temperature _ §

1 Service

Provider
-l Service Discovery
& | &> Ui/Client

Service Consumer Source: NextGen Network-Enabled Weather (NNEW), Oliver Newell, 2008

SOA

ES)IlﬂmsiHllli
| INNEW — NextGen Network Enabled Weather
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Ontology-Driven SOA Conceptual

Architecture

SOA-Enabled Applications

Controlled

Semantic Cache

S1L
] ( Triple Store )

People or programs
interact through the
semantic business
layer within more
powerful
applications.

-
Enterprise Web Services
Ontolo 3
Modele |[Semantic SOA
N NN, Web Services Controller ] Semantic SOA layer
N L : defines standard
Adaptor k. = [ Resuits Processor ] [ Ly 2Ll ] vocabularies, formal
Ontology Mapper ] Rules Engine [Query Orchestrator mod_els an_d semantic
Models p—— ] ( =~ - relationships between
q Query Dispatcher | data sources.

Adaptor ]_[ Adaptor ]_[ Adaptor ]_[ Adaptor

Vocabularies

Data are mapped to the
semantic layer to
provide integrative
views, queries and other
services.

= —— O | |
3 N

== Unstructured Data
Data on the Web (e.g. documents)

S()M
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<3 RDF/OWL Based Web Services

WEB Service Class

SPARQL WEB Service \\

ursiSERiceE

[ wesireply DwesiReply
W wvsirequest wesiRequest[1.1]

N

| wis SPEROLService |

wis RDFService

I wvsireply s wes: SPARQLReply [ wvsireply LwesStatementReply
[ wvsirequest s SPARCLRequest[1.1]

[ wvsirequest s StatermentRequest[1.1]

| wes SPARCILRequest
‘[- wsiquery  spiQuery[1.1]

.reply/
| wisi SPARQLReply

|I- wsistaternent ; rdfiStaternent

SPARQL REPLY Triples

sireply

wysirequest [1. 1F‘| wis StaternentRequest

wes:Reply

4_} ‘[- wisistaternent : rdf Staterment

I- wsiresponseTo bwsiRequest[1.1]

SPARQL REQUEST Triples

'S()/\\

“ i © Copyright 2007-2010 TopQuadrant Inc.

4\*\\\% »

wwstStaternentReply
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0:0 Implementing Web Services in SPARQL

= Web service calls to SPARQL-Based scripts
— URL embedded in any HTML or application

lhttp://localhost:8083/tb|/actions;?action:sparqImotion&id:‘Find ByCaIIingCodg&icallingCode:61l

- | | ||
Live sbrver URL 0 .
»_//l Function name parameters

1 Arguments;;:callir\gCode.*
Get parameters | | © calingCode

smypext
ﬁ Import Data

Import RDFModel =

smyjext
@) Get linked data
Cetinfo;:ﬁBBPedia I from DBPedIa

Get JSP Template

/@3:‘ text

=%

:\1 Create text from
QO X JSPtemplate
j! S()L/\ ‘ L‘,u text

Sympositm|

‘ return text

=&
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Q’ Key to Success is an Ontology Architecture -
Five Dimensions turn out to be important

¢

Time
Y % P
/ “, '*,‘ % ".,‘ A
4 <, 4, 4
( ,) Y % ? - T
e Y N N R
. . N ’I,* » % "“l,, 4
Organization R
e e »,
& % % %
(’\“ s.—\
\8“" »
Ca -

Missdon Ountodogy

8 % W% 2%
! v
‘00‘\ /; '
y Domain P & '
1\ (‘? & Taesdy
\ \*L\ P f’ & Enterprise Ontodogy ‘ ‘
S &
f "" Situsthon Omtology

\

. . . 1 - . =k
DISCIpIIne \I ‘v’» ’i\ Pricess Ontobogy 22
ﬁ’- Tash Onbodagy
\\ | \éf w0 %
\‘ * Deviee Onitedogy
L Specificity ) P T ey

Ontologies are partitioned according to domains,
disciplines, organizations, levels of specificity and time.
Named graphs are aggregated through configuration
ontologies according to specific needs.

Symposium
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OWL-S did a reasonable job of an
@ Ontology of Services

@ ’ : :
o, - ’ 0 8

; ServiceProfile )

ap? &p"
——— ServiceModel )

~ )
b()A Ontology images compliments of Terry Payne,

Sympositnm University of Southampton
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Making a Service “Knowable” ™

ratingN N :

’7?(:'7:

tf'a'rﬂmfw

ServnceParameter $Paramese,

parameter
subPropertyOfiparameter)
mprui
oulprut
precondition
effect

S()A\ Functionality

Sympositum| Descrl ptlon

Government

Source: David Martin, “DAML-S: Bringing Services to the Semantic Web”, SRI International
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1 How can SKQOS, the Simple
Knowledge Organization
System be used for Service
Directories

SOA

Symposinm|

ref: http://www.w3.0rg/2004/02/skos/
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N/

) Notifications and Alerts
SOA Runtime Data/Network
Management Support Services

Security
Policy

Management
urveillance

Information
Management
Incident Detection
And Response
Data Acquisition Services

urveillance urveillan Business
Data inui
e Data Continuity
anagemen Acquisition Management

Enterprise Services Management Other/Not in

Policy Services Segment
Enforcement and Provisioning
Metric Collection

Collaboration Services

Instant White
Messaging Board

Content Management Services

Messaging
Services

SOA Strategic
Governance

Interface Management Security Services

Terrestrial

Boundary Network Air/Ground

Protetion o icati
(o] Communication Communications

S)‘lll[K)Si.linl

Training
Support

Lovernment
& Source: System Wide Information Management”, Eurocontrol AP4 Team, Ahmad Usmani, SWIM Program Manager December 2009

Industry Ref: SWIM - http://www.swim.gov
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g Using SKOS to represent NASEAF SV4

%

NAS Enterprise Services
SKOS - Simple Knowledge Organization System

Mission Serviccs

(=) ) e ) (B ()

jon

__Ma anagement

Ontology Editor (m“‘““][ jmj[:,m:"‘j.;] o | [ o (Mg (5

Infory
F‘ Toplnaid ;n!r:udag.-!‘am,-'miuin.-vwﬂwh : _ - .
$ 0O~} | - -

| T @ oaConterahanagementSendces A .
i} B (8 Topliukd | 2 Masource soa:MissionServices
& Neag ’: Prope, 1 Classes Y3 skoun. T e ror-dvt e o
%1 e = a soa:ServiceGroup ;
vie % Resource Form ol O j " .
| @ wrhoone cam Bt i ConaniMmegamentServices ' rdfs:label "Mission services"xsd:string ;
@ owhAIDifferent morme ‘ Ayt
I 0w Thing (105) « Annotations soa:dependsOn
' asCotecn o oot e : soa:EnterpriseGovernance ,
« Other Praperties soa:AdministrativeServices ,
RS soa:SupportServices;
@ sonAmonautcalDitaManagement skos:narrower
@ ouContentDis wery o
D € o e e P soa:FlightandStateDataManagement ,
@ onWenteiOsotamgamrt soa:WeatherinformationManagement ,
B onServceGroup b soa:SystemAndServicesManagement ,
Form [Brigh Snete v = soa:SeparationManagement ,
el e s m e e =0 s soa:LongTermCapamtyManagement,
ee-| Hpn- soa:FlowContingencyManagement ,
temm:c[ rdftype rdfi * Soa:SafetyManagement ,
10a:BoundaryPratetion oxSerace.. Bou _ -
D R o ol soa:ShortTermCapacityManagement ,
[~ ' e | soa:AeronauticallnformationManagement ,
| S‘ rouSendcs..,  Cor soa:NavigationSupport ,
| h 0 Cor soa:SystemAndServicesAnalysis ,
! . e o soa:SurveillancelnformationManagement ,
:f_’w D soa:TrajectoryManagement .
’u' Ents =

| © Copyright 2007-2010 TopQuadrant Inc.
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NASEAF SV4 NAS Enterprise Services

Ontology Views

Service Taxonomy

# s0a:NASEAF-SV4-MNAS-Enterprise Services
& soa:fdministrativeServices
# soa:DatafndMNetworkSupportServices
& somServicesProvisioninghanagernent
& soxEnterpriseGovernance
# soaS0ARuntimebanagement
# s0a:S0AStrate gicGovernance
o¥ soaMissionServices

& soaferonauticallnfor
# soaFlightandStateDats

# soalongTermCapacitybanage
# soa:NavigationSupport
& soaSafetyManagernent
& somSeparationManagernent
# soashortTermCapacitybanagerment
# soaSurveillancelnformationManagement
# soa:SysternAndServicesAnalysis
& o SysterndAndServiceshanagement
¥ soaTrajectorybanagerment
& soaWeathednformationhManagerent
& 502508 0reServices
# soa:CollaborationServices
& soabrterpriseServiceshManagement
¥ soalnterfaceManagernent
# soaMessagingServices
& soaSecurityServices
# soa:SupportServices
& soaContenthanagementServices
& soaDatalcquisitionServices
& soaTechnicallnfrastructureServices
# soa:firfndGroundCommunications
# soa:BoundanProtetion
& soaComputingPlatform

Service Group Dependency Graph

@ 3o NOTERE WA NAL Ermerpeae

actices © Copyright 2007-2010 TopQuadrant Inc.
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"®. SOA and DoD BEA — Ty
a DM2 Ontology Example A

%

The BEA provides an EA framework for controlling and provisioning Web

Services in an SOA _~ | Activity can be used to

drmidctivity navigate to Capabilities
M drrzhasCapabiliby : dmedctiobPatOfCapability
Ml drrzhasChild @ dreActivigHasChildActraty
M drrchasPerformer : dmedctiobyPerformedByPerformer

hashctivity Capabilities may be
drrzhasCapability constrained by

drreActivityPartOf Capability Conditions

M drrchasfctivity | drdctivity

M drrchasCapability : driCapability

M drmthasCondition @ driCondition

ﬁm:haannditinn drn:hasCapability
dro:Condition dm:Capability
SOA -
;\\nnmsmn CapabllltleS connect
' to Web Services in
an SOA

© Copyright 2007-2010 TopQuadrant Inc. 25



) How can OWL and
RDF help Data
Interoperability

SOA
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0:0 Basic Data Interoperability Needs

= Data values have known:
+» data types
¢ bit and byte order
s Units
< Quantities Part of the QUDT Data Ontology

type:Datatype

data:Object typethasis : type:Datatype[0..1]
datattype : type:Datatype[0..1] type:cardinality : type:CardinalityType[0..1]
datawalue : rdfs:Resource[0..1] datatype [0..1] typeiorderedType : type:OrderedType[0..1]

typetbounded @ boolean[0..1]

qudt:Unit
qudt:quantitylind | qudtiQuantitylind

data:Dimensionalvalue

dt: ionbdultiplier : double[0..1
dataitype : type:DimensionalDatatype[0..1] _____—mm_l]} qudt:conversionhultiplier : double[0. 1]

dt: ionOffset : double[l)..1
rathisymbal ¢ math:Symbol[0,1] 5 qudticonversionOffset : double[l. 1]
qudtiunit : quat:Unit[0..1]

Py

Uyt [0

dataitype [0.1]

| type:DimensionalDatatype |
dataVariable l !

%, :
i \‘ dataattribute : data:fttribute data:Value
; k }’ datarsalue : dataivaluel0..1] datamalue [I,
: A [
| - |

Sympositm)|

dataScalafvalue | - data:Encodedvalue
- . data:EngUnitsvalue |
datainumericvalue : numericUnion[1.1] = [ | data:numericvalue : numericlnion[1..1]

~_ | © Copyright 2007-2010 TopQuadrant Inc.
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<4 The NASA QUDT Ontologies

= Quantity, Units, Dimensions and Datatypes
“*From the NASA 300+ Ontology Collection
“*Schema — 200 Classes, 61 Properties
“* Quantities — 239 (e.g. Time, Volume, Mass)
“*Units — 239 (e.q. Foot, Meter, Furlong)
**Dimensions — 460 (e.g. CGS, SlI, Planck, Gauss)
*» Data and types — Forthcoming
“*NIST — 648 Constants (e.g. Planck, Electron Volt)
“*Undergoing OASIS Standardization

'S()/\I

' \\ mpos I!IIIl

ref: http://www.qudt.org

| © Copyright 2007-2010 TopQuadrant Inc. 28
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0:0 Constraining Units

spin:constraint — Constrain the Measurement Unit System

spincconstraint ™~

- |ASK WHERE {
tthis qudt:unit Tunit
feystern qudt:systernDefinedUnit Tunit .
FILTER (7system != unit:SystemOflUnits_5I)

i

Interpretation:
= For a given measurement (?this), require that its ?unit is a member of the Metric

System (unit:SystemOfUnits_Sl) é
= Signal a constraint violation if this is not the case

SOA

Symposinm,

“ i © Copyright 2007-2010 TopQuadrant Inc.



TopQuadrant”™

% Rul jon —
X ules for Data Conversion *—-

spin:construct — Infer a Converted Measurement

spin:constructor =~

#- CONSTRUCT { =

?this qudt:numencValue fimpenalValue
?this qudt:unit TimpenalUnit .
?this acme:displayValue TdisplayValue .

h

WHERE {
ImetrcQV qudtnumericValue TmetricValue
TmetncQV qudtiunit Tmetniclnit
metricUnit qudt:quantitykind Tkind
fimperiallnit a acmelmpenalBaselnit
fimpernallnit qudt:quantityKind Tkind .
LET (fimpenalValue := qudtspin:convert(fmetncValue, metriclnit, fimpenallnit)] .
LET (*displayValue := acmerroundMumber{TimpenalValue, 3]) .

1

Interpretation:

= For a given Metric measurement (?metricQV), take its ?metricValue

= Convert the value into Imperial Units and round it
'g()/{‘ = Create (CONSTRUCT) a new measurement instance with the Imperial values
1S LA

Symposinm|

ref: http://www.spinrdf.org

o © Copyright 2007-2010 TopQuadrant Inc. 30




3 How can OWL and RDF
help SOA and Web
Service Specifications

SOA

Symposinm

NALUST
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®
DO

Constellation Program Data Architecture and
Interoperability through the use of OWL
Ontologies with strategies for co-existence with
XML and other data formats.

CxP 70160 ANX10
Infrastructure
Specification

lApplication Programming

CxP 70160 ANX11

Interface Specification

CxP 70160 ANX14
Policy and Security
Model

70164
mde 1a%0
P70 ) ANX
DA ( ept
Ope '
P 70160 Ar
CxDA Softy Pl

70160 ANX1
DA Doma
todeling Guid
P 70160 ANX
. - A Enc ng F
./
4 “wP 701§
A L xP 70160 A}
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é Data Types A DA Data Types
pecification
«
XML
Names and Identiflers ¢ “xF 50 ANX
» CaDA Metadata
ocifi %
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®
D

SOA

; \\ mpositm|

NASA TCMX: Ontology-Based
Telemetry, Commands and Messaging

Types >> Instances >> Qualification > Packaging

(
System, Vehicle, or Subsystem
TCM-T
Telemetry, defi p
Command, efines types for
etc. types i
_
TCM-I
Telemetry, selected for
Packets, I packaging
and qualified by
Commands )]ﬁ
—
TCM-Q
references controlled
terms and code-lists Phase, —  provide criterib
Access, for packaging
Criticality, \V
Sampling
references controlled TC M - P
terms and code-lists
Packaging
references controlled
terms and code-lists references controlled
terms and code-lists
o
-

NASA Controlled Vocabularies

~

QUDT - Quantities, Units, Dimensions and Data Types
Mission Phases

Access Groups

Hardware Criticality

© Cop\yrlght 2007-2010 TopQuadrant Inc.

Workflow

Ontology and
Schema
Components

33
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TCMX Ontology Architecture builds of s
System SBFI and QUDT Ontologies

awmw ] ¢ | Telemetry and Command
Packaging

@,
%

Telemetry Parameter and
Command Qualifications

Telemetry Parameter and

Telemetry Parameter and
Command Instances

Command Types

TCM Foundation

System Ontology -
Functional Aspect (af)

)iy, u""}:- 0 .
-lcgdlmensn:un -w1.0.0 . W ' tu:rn\ Mission OntOIOgy

Vil ke H_-#"
o a

' f
Fllmp A ALl alaly s AR T qtEslirmpor n:nwl:ir'n
[ =2 unit-vL.0.0 . |m w] systern-af-I1 ﬂ ar{i type [ =% mission r{f comms

1'?:“ o ""1?'!'5_ Lirnparts
ol mﬁm ; l | L ot e :glﬁ'# 5?:-_,-_'--5":21.‘_,;}%5_-.- i Ol 2 1P ""EZ'IEI. ol
[ 3 quantﬂi}“ Vlu I] =T [ ‘:\k w] pystern-as ) e
: i oTred s f

= quwtimpo b

= :i ‘EE&- =

a3 qudt-w1.0.0 [ =3 termporal

ok b 12 -
ol cu T o ] [N
/ﬂ * e e Hlgy) alyss
:. Al ' [T \.I'"-.___ :. I;r."-'
\ 4
| £l FEHAT]
i

;\\ m,u

System Ontology -
Structural Aspect (as)

Bt Pdtis: © Copyright 2007-2010 TopQuadrant Inc. 34




TopQuadrant”™

Generating XML Schemas and Controlled 4@
Vocabularies

Instantiation

N'\Q SA

@,
%

XML
Document

. or —
Transformation
XML W3C XML :\ﬁ
SchemaPlus Schemas Instantiation
|
. , x ﬁ Structural Validation
SemanXic Validation
i Y,
Transirmation
XML Standard
OWL Models | | 3\ V| "Vocabularies <
Y Semantic Validgtion
_________________________________________________________ :______________ A
T GRDDL XSLT
___ Going from XML to OWL Generator

SOA ~
Symposium \ (

XSLT
L Processor

Ref: XML SchemaPlus — http://www.xspl.us
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Netherlands MoJ Approach to Message
Design for Interoperability

Problem: Seamless information sharing is challenging:
Data resides in many diverse systems supporting unique operation requirements of
courts, police, hospitals, border control, motor vehicle, local and federal offices.

Solution: Ontology-Based Metadata Workbench:
Transform “Rich” Ontologies into CCTS Ontologies and allow Business Analysts to
assemble business documents for electronic messages from Component Parts.

Core Business Business
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Entities
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“Rich” Ontologies are
expressive models of

| domains. These include
 LKIF and detailed

Component
Overlay

Netherlands MoJ —
Creation of XML Message Schemas = &

Business
Document

tologies
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Component
Overlay

Core

CCTS Document Editor

situations of law and
legal document and
procedures.

Industry

Users create CCTS
documents from BIEs and
Core Components

Best Practices
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CCTS-Compliant XML
Schemas are generated
from the XSP Document

CCTS XML
SchemaPlus

CCTS XML

T

XSP Generation XSD Generatlon

XSP
MetaModel

Schema

Acronyms

BIE Business Information Entity
CCTS UN/CEFACT Core Component Technical

Specifications
LKIF  Legal Knowledge Interchange Format
SPIN  SPARQL Inferencing Notation
XSLT XSL Transformations (XSLT) Version 2.0
XSP XML SchemaPlus
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0:0 Closing Remarks

1. Ontologies should be used for specification to enable vendor-
independent SOA and Web Services

1. OWL can be used as a vendor-neutral specification language
2. OWL is more expressive than XML, UML and ER models
2. OWL + Rules provides expressive support for data acquisition,
interpretation, transformation and verification
1. Data Exchange Engines should have ontologies of industry standards

3. OWL can interoperate with XML technologies through the use of
(NASA) XML SchemaPlus and controlled vocabularies

1. Controlled Vocabularies are key to SOA

4. SOA makes little sense if you don’t have Data Quality
1. requires compliance to Naming and Identifier Rules (NASA NIR)
2. needs ontologies for vocabulary management and translations
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0:0 Thank You

Ralph Hodgson
E-mail: rhodgson@topguadrant.com
Twitter: @topquadrant, @ralphtg, @oegovnews
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